Remarks and Arguments 



1. Formality Problems in Office Action. 

The Office Action of October 18, 2006 says that it is a response to Applicant's 
submission of October 12, 2006; the actual date of Applicant's submission is July 24, 
2006. The Office Action Summary page at the bottom indicated that a Notice of 
References Cited was attached, but that document was missing. 

2. The Specification is objected to on the basis of Section 132 (a) as alleged new 
matter. 

Specifically the objection is to the addition of material on page 3 in the July 24, 2006 
submission, which amendment added language at the end of the first paragraph on page 6 
of the original Application. This material has been cancelled; however two minor 
additions have been made to the text of the original Application, and this is not new 
matter as demonstrated below. Applicant requests reconsideration of this issue. 

First, there is abundant support in the original Application for including PID loop 
controllers in the concepts and equipment originally disclosed: 
(1) Just below the middle of page 14: 
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"The industrial control and monitoring equipment are any make of Single Loop 
Controller, Programmable Logic Controller (PLC) or Distributed Control System 
(DCS) from any manufacturer." 



(2) Near the bottom of page 14: 

"The wizard builder of the present invention can be adapted to work with a very 
wide range of application programs which control or monitor processes in real time. 
The wizard builder can produce a setup wizard which can work with a wide range of 
monitoring and control devices from many different manufacturers and having many 
different operating characteristics." 

(3) The last paragraph on page 15: 

"The industrial control and monitoring equipment units could be any piece of 
industrial equipment which contains an embedded micro-processor and which is able 
to offload data values that represent the current state of an industrial process. 
Examples include machine tools, motor drives, robots, intelligent valves and pumps, 
telemetry outstations, programmable controllers and distributed control systems." 

(4) The section on TESTS on pages 16 and 17 of the original Application demonstrates 
that the Applicant's customer had used the invention with the Siemens PCS 7 system and 
the Honeywell TDC 3000 system — ^which persons skilled in the art know to contain a 
PID loop controller: 
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"One user of the ExperTune software is employed by Air Products Company as a 
process engineer and has no knowledge of computer programming. This user created 
a wizard to connect the ExperTune software to Honeywell's TDC 3000 distributed 
control system. The wizard was to connect to the Honeywell GUS (Global User 
Station) workstation via the DDE (Dynamic Data Exchange) de-facto interface. 

Another user of ExperTune software is employed by Siemens as a process engineer 
and has no knowledge of computer programming. This user created a wizard to 
connect the ExperTune software to the Siemens PCS 7 distributed control system. 
The wizard was to connect to the WinCC HCI (Human Computer Interface) program 
used in PCS 7 via the OPC (OLE for Process Control) de-facto interface.... Thus the 
wizard builder produces a new and usefiil resuh in producing wizards (setup 
wizards) which can adapt application programs, for example, to particular devices 
for monitoring or controlling industrial processes in real time, all without requiring 
computer programming abilities of the user. " 

(5) Claim 1 as originally filed on page 19 of the Application contained the following 
language which a person in the art would readily know to include PID loop controllers: 

" ...for adapting an application program to fimction with devices or sensors 
monitoring or controlling a process occurring in real-time..." 



Secondly, several Exhibits are attached to this RCE with relevant passages marked in the 

margins: Exhibit A summarizing how material on websites support the idea that PID 

loop controllers are "controllers commonly used", and Exhibits B-P which support 
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this idea. Specifically, Exhibit D shows that a PID loop controller is contained in the 
Siemens PCS 7 distributed control system which was in the original Application and is 
mentioned in section (4) above. Exhibits L through P all clearly show that the 
Honeywell TDC 3000 Distributed Control System referred to above and referred to 
in the Application as filed contains PID loop controllers. In fact, one of these 
Exhibits (Exhibit L) is U. S. Patent 5,697,436 ! 

There is abundant support in the patent law and the MPEP for allowing an 
Applicant to add terms to the Specification in connection with new terms introduced 
in claims which have been narrowed, if these terms are well known to those skilled 
in the art if thev are inherent in the disclosure of the original application, 

MPEP Section 608.04(a) states that matter not in the original specification, claims or 
drawings mav be new matter depending on the circumstances. The addition of inherent 
characteristics such as physical properties may be new matter. MPEP Section 2163 deals 
with the written description requirement and the new matter requirement together since 
they are closely related. MPEP Section 2163 I second paragraph states: 

"Much of the written description case law addresses whether the specification as 
originally filed supports claims not originally in the application. The issue raised in 
the cases is most often phrased as whether the original application provides 
"adequate support" for the claims at issue or whether the material added to the 
specification incorporates "new matter" in violation of 35 U.S.C. 132." 
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The following paragraph of the MPEP states: 

"Possession may be shown in a variety of ways including description of an actual 
reduction to practice..." 

In the present Application, the TESTS Section on pages 16 and 17 of the original 
Application showed that the invention of the Application referred to the Siemens PCS 7 
distributed control system, and the Honeywell TDC 3000 system, which contain PID 
controllers as demonstrated above. Therefore the Applicant was in possession of the 
Invention as it related to PID loop controllers, and it worked v^th such controllers. 

MPEP Section 2163 I B second paragraph states: 

While there is no in haec verba requirement, newly added claim limitations must 
be supported in the specification through express, implicit, or inherent disclosure. 

In other words, the original disclosure need not recite all claim terms in the same exact 
words^ if those terms are inherent in the original disclosure. Applicant strongly asserts 
that a person skilled in the art would readily recognize that the mention of the Siemens 
and Honeywell systems as discussed above contained inherent disclosure of PID loop 
controllers because those systems are widely known to contain such controllers. 

MPEP Section 2163 II A 3(a) states: 

What is conventional or well known to one of ordinary skill in the art need 
not be disclosed in detail. See Hybritech Inc. v. Monoclonal Antibodies, Inc., 
802 F.2d at 1384, 231 USPQ at 94. >See also Capon v. Eshhar, 418 F.3d 1349, 
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1357, 76 USPQ2d 1078, 1085 (Fed. Cir. 2005)("The 'written description' 
requirement must be applied in the context of the particular invention and the 
state of the knowledge.... As each field evolves, the balance also evolves between 
what is known and what is added by each inventive contribution.")- If a skilled 
artisan would have understood the inventor to be in possession of the claimed 
invention at the time of filing, even if every nuance of the claims is not 
explicitly described in the specification, then the adequate description 
requirement is met. See, e.g., Vas-Cath, 935 F.2d at 1563, 19 USPQ2d at 1 116; 
Martin v. Johnson, 454 F.2d 746, 751, 172 USPQ 391, 395 (CCPA 1972) (stating 
^^the description need not be in ipsis verbis [i.e., ^Mn the same words''] to be 
sufficient") 

The description needed to satisfy the requirements of 35 U.S.C. 112 "varies with 
the nature and scope of the invention at issue, and with the scientific and 
technologic knowledge already in existence." Capon v. Eshhar, 418 F.3d at 
1357, 76 USPQ2dat 1084. 

MPEP Section 2163 II A 3(b) states regarding new or amended claims: 

The examiner has the initial burden of presenting evidence or reasoning to explain 
why persons skilled in the art would not recognize in the original disclosure a 
description of the invention defined by the claims.... 

To comply with the written description requirement of 35 U.S.C. 1 12, para. 1, 
or to be entitled to an earlier priority date or filing date under 35 U.S.C. 119, 120, 
or 365(c), each claim limitation must be expressly, implicitly, or inherently 

supported m the originally filed disclosure. When an explicit limitation in a claim 
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"is not present in the written description whose benefit is sought it must be shown 
that a person of ordinary skill would have understood, at the time the patent 
application was filed, that the description requires that limitation." Hyatt v. 
Boone, 146 F.3d 1348, 1353, 47 USPQ2d 1128, 1131 (Fed. Cir. 1998). 

The Examiner has not made a prima facie case that persons skilled in the art would not 
recognize the original application as inherently disclosing PID controllers. The 
numerous Exhibits above, which are posted on the Internet, conclusively show at that 
the information about the Siemens and Honeywell systems inherently discloses PID loop 
controllers to those of ordinary skill in the art. 

Finally, MPEP Section 2163.07(a) clearly supports the above discussion that when the 
original application inherently discloses an idea such as PID loop controllers, the 
application may be later amended to recite the idea without introducing new 
matter; 

2163.07(a) Inherent Function, Theory, or Advantage 
By disclosing in a patent application a device that inherently performs a 

function or has a property, operates according to a theory or has an advantage, a 

patent application necessarily discloses that function, theory or advantage, even 

though it says nothing explicit concerning it. The application may later be 

amended to recite the function, theory or advantage without introducing 

prohibited new matter. In re Reynolds, 443 F.2d 384, 170 USPQ 94 (CCPA 

1971); In re Smythe, 480 F. 2d 1376, 178 USPQ 279 (CCPA 1973). "To establish 
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inherency, the extrinsic evidence 'must make clear that the missing descriptive 
matter is necessarily present in the thing described in the reference, and that it 
would be so recognized by persons of ordinary skill. 

Therefore, the minor additions to the Specification referring to PIP loop controllers 
are appropriate, and do not constitute addition of prohibited new matter. 
Consequently, the claims now have support in the Specification, and the 112 issue is 
removed, 

3. Claims 1-12, and 14-20 are rejected under Section 112 first paragraph for failing 
the written description requirement and for failure to show that the Applicant had 
possession of the claimed invention when the Application was filed 

As discussed above, it is entirely appropriate, and not new matter to add the above brief 
references in the Specification to PID loop controllers. The Specification now contains 
support for the PID loop controllers in claim 1. This is fully supported by the MPEP and 
other citations above. The fact that the Applicant had possession of the invention is 
shown by the TESTS Section of the original application which referred to the Siemens 
PCS 7 distributed control system, and the Honeywell TDC 3000 system, which contain 
PID controllers. 

4. Claims 1-7, 9-12, 14, and 16-20 are rejected under 103 on the basis of Gillis, and 
Thomas. 
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The claims have not been amended since the July 24 submission in which the claims 
were narrowed to focus on PID loop controllers. There is support in the original 
Application in the first paragraph on page 6 which refers to "controllers which are 
commonly used", and in this RCE it is demonstrated above that PID loop controllers are 
well know to be included in that term. The Specification has been amended above to 
make this concept more explicit. Applicant believes that this term "PID loop 
controller", or any equivalent concept is not found in any of the patents cited against 
the claims. Therefore, all elements and limitations of the claims rejected under 102 and 
103 are not found in the cited patents, or in the combinations of patents. Therefore, the 
rejection of the claims under both 102 and 103 should be withdrawn. The Office Action 
of October 18, 2006 simply repeated apparently word for word the previous claim 
rejections and did not take into account that the claims have been narrowed to focus on 
PID loop controllers. Since adequate support has been added to the Specification for PID 
loop controllers, these rejections should be reviewed, and since none of the cited patents 
mention a PID loop controller, or equivalent, at any point, these rejections should be 
withdrawn. 

Notwithstanding the above, the Applicant does not understand the sentence spanning 
pages 4 and 5 of the Office Action about motivation. Applicant disagrees that there 
would be such a motivation since Thomas is from a radically different field — electrical 
distribution networks, not control of physical industrial processes. Such a motivation to 
combine the patents would not have been obvious to a person of ordinary skill in the art 
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at the time of the invention. There is no mention anywhere in Thomas of PID loop 
controllers since these are not adapted to controlling electrical distribution systems. 

5. Claims 8 and 15 are rejected under 103 on the basis of Gillis, Thomas and 
Gauthier. 

As discussed above, the claims have not been amended since the July 24 submission in 
which the claims were narrowed to focus on PID loop controllers. There is support in the 
original Application in the first paragraph on page 6 which refers to "controllers which 
are commonly used", and in this RCE it is demonstrated above that PID loop controllers 
are well know to be included in that term. The Specification has been amended above to 
make this concept more explicit. Applicant believes that this term "PID loop 
controller", or any equivalent concept, is not found in any of the patents cited 
against the claims. Therefore, all elements and limitations of the claims rejected under 
102 and 103 are not found in the cited patents, or in the combinations of patents. 
Therefore, the rejection of the claims under both 102 and 103 should be withdrawn. The 
Office Action of October 18, 2006 simply repeated apparently word for word the 
previous claim rejections and did not take into accoimt that the claims have been 
narrowed to focus on PID loop controllers. Since adequate support has been added to the 
Specification for PID loop controllers, these rejections should be reviewed, and since 
none of the cited patents mention a PID loop controller, or equivalent, at any point, these 
rejections should be withdrawn. 
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6. Failure to show motivation to combine references regarding rejections in Section 
4 and 5 above. 

A major new case from the U. S. Court of Appeals for the Federal Circuit (In Re Kahn, 
04-1616 (Serial No. 08/773,282, Decided March 22, 2006) has emphasized that to 
support an obviousness rejection, the Examiner cannot make broad conclusorv 
statements that the invention is obvious from cited patents, but must give reasons for 
that statement, and must give reasons for the existence of a motivation to combine . 
The following excerpts from the case contain these points: 



"Most inventions arise from a combination of old elements and each element 
may often be found in the prior art. Id. at 1357. However, mere identification in the 
prior art of each element is insufficient to defeat the patentability of the combined 
subject matter as a whole. Id. at 1355, 1357. Rather, to establish a prima facie case of 
obviousness based on a combination of elements disclosed in the prior art, the Board 
must articulate the basis on which it concludes that it would have been obvious to 
make the claimed invention. Id. In practice, this requires that the Board "explain the 
reasons one of ordinary skill in the art would have been motivated to select the 
references and to combine them to render the claimed invention obvious." Id. at 
1357-59. This entails consideration of both the "scope and content of the prior art" 
and "level of ordinary skill in the pertinent art" aspects of the Graham t est. 

When the Board does not explain the motivation, or the suggestion or 
teaching, that would have led the skilled artisan at the time of the invention to the 
claimed combination as a whole, we infer that the Board used hindsight to conclude 
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that the invention was obvious. Id. at 1358. The "motivation-suggestion-teaching" 
requirement protects against the entry of hindsight into the obviousness analysis, a 
problem which § 103 was meant to confront. ... By requiring the Board to explain the 
motivation, suggestion, or teaching as part of its prima facie case, the law guards 
against hindsight in all cases — whether or not the applicant offers evidence on 
secondary considerations — ^which advances Congress's goal of creating a more 
practical, uniform, and definite test for patentability. ... The motivation-suggestion- 
teaching test picks up where the analogous art test leaves off and informs the 
Graham analysis. To reach a non-hindsight driven conclusion as to whether a person 
having ordinary skill in the art at the time of the invention would have viewed the 
subject matter as a whole to have been obvious in view of multiple references, the 
Board must provide some rationale, articulation, or reasoned basis to explain why the 
conclusion of obviousness is correct. The requirement of such an explanation is 
consistent with governing obviousness law, see § 103(a); Graham . 383 U.S. at 35; 
Dann . 425 U.S. at 227-29, and helps ensure predictable patentability 
determinations.... However, rejections on obviousness grounds cannot be sustained 
by mere conclusory statements; instead, there must be some articulated reasoning 
with some rational underpinning to support the legal conclusion of obviousness. ... 
Therefore, the "motivation-suggestion-teaching" test asks not merely what the 
references disclose, but whether a person of ordinary skill in the art, possessed with 
the understandings and knowledge reflected in the prior art, and motivated by the 
general problem facing the inventor, would have been led to make the combination 
recited in the claims. 
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On page 9 of the Office Action it is stated that the motivation to combine Thomas with 
the other patents is disclosed in paragraph 0004 of Thomas. The Office Action gives no 
explanation of this statement whatsoever AppUcant strongly disagrees since no 
reasoning has been given, and Thomas is from a radically different field , namely 
controlling electrical distribution systems. PID loop controllers are not adapted to that 
field. In addition, the cited cases (Fine and Jones) are not relevant to the present 
Application because they held against a conclusion of obviousness. Therefore, if the 
Examiner repeats any 103 rejections based on an alleged motivation to combine, 
Applicant requests that the required reasons in light of the Kahn case be given. 

Summary 

1 . Brief amendments to the Specification incorporating PID loop controllers are permitted 
by the MPEP and other authorities since they were inherently disclosed in the original 
Application by references to Siemens and Honeywell systems, and other references. 

2. These additions are not new matter under the MPEP. 

3. The existing claims now have support for the term PID loop controller, and the 
Section 1 12 issue is removed. 

4. Rejections of the claims under Section 103 should be withdrawn because none of the 
patents refers to PID loop controllers or any equivalent. 

5. Notwithstanding 4 above, no adequate reasoning or explanation was given about a 
motivation to combine the patents. Thomas is from a radically different field. 



17 



6. Possession of the invention by Applicant is shown by reduction to practice in the 
TESTS section of the original Application. 

Conclusion 

Because of the above amendments, and because of the above discussion and arguments, 
Applicant respectfully submits that the Application, with claims as amended above, is 
now in condition for allowance, and that action is urgently requested. Enclosed is a 
check for the fee required by the attached Petition for Extension of Time. 



Respectfully Submitted, 




Henry L. Smith, Jr. 



Reg. #3 1,425 




9273 Cornell Circle 



Highlands Ranch, CO 80130-4141 



Telephone (303) 346-5045 



Fax 



(303) 346-5045 
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APPLICATION 10/034467 



EXHIBIT A 



The idea is to prove that PID Controllers are clearly 
included in concepts and information in the Application as 
originally filed, and those skilled in the art would 
recognize that. 



The PID controllers are a subset of "devices or sensors 
monitoring or controlling a process 

occurring in real-time." (See page 19 Claim 1 of the 
Application as filed.) 

See section on Tests on pages 16-17 of the original 
Application which mentions the Siemens PCS 7 distributed 
control system. 



A page from an acknowledged PID control expert. 

"PID is the control algorithm most often used in industrial 

control . 

It is implemented in industrial single loop controllers, 

distributed 

control systems (DCS) and programmable logic controllers 
(PLC) . " 

http : //www . learncontrol . com/pid/ 

Confirmation that PID controllers are widely used in 

process 

industries . 

"at this very moment some 95 % of all controllers in the 
process 

industry are still of the PID-type." 

http : / /www . ipcos . be/products/generic/rapid . html 




Confirmation that PID Controllers are a constituent part of 
"Siemens 

PCS 7 distributed control system" (Application page 17) 
"Modifications can now be propagated throughout the system 
faster 

and while online with PCS 7. Adding a new process object, 
such 

as a 

PID control loop, takes only a few minutes. " 

http: //www2 . sea . Siemens . com/Products/Process- 
Automat ion/ Product /SIMATIC+ 
PCS+7 /Reduced+Engineer ing , htm 



Advert for a training course about PID controllers. 

Diagram of 

how 

a PID controller operates . 

http://www.bin95.com/PID Process Control Saint-Louis.htm 



Confirmation that PID controllers are a constituent part of 
a 

Siemens Simatic S7 PLC. 

"Example for using FB41 PID-Control for the SIMATIC 87 

PLC's 

S7-300/400. " 

http: //wwwl . control . com/PLCArchive 
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More confirmation that PID contrllers are a constituent 

part of 

Single Loop Controllers and Programmable Logic Controllers 
(PLCs) 

"Which one is better to design a process plant which has 

several 

PID 

controlling loops : 

1) Connect all loops to the plant PLC, do some PID 
programming, 

and 

let the PLC control the loops directly. 

2) Utilise single-loop controllers (with PID capability) 
for 

every 

single loop, . , , " 

http://www.control.com/thread/102 6228393 



More confirmation that PID control is a very common 

constituent 

of 

PLCs and has been for many years. 
"PLC Programming 

South Coast Systems has 25 years experience in PLC code 
development 

specializing in Allen-Bradley, GE, Modicon, and Tl/Siemens 
PLC 

systems 

With the standards SCS has developed over the years for 
motor, 

valve, and PID control, " 

http : //www . southcoastsystems . com/plc . html 



Extract from wikipedia entry on Programmable Logic 
Controllers . 




"PLCs may include logic for single-variable feedback analog 

control 

loop^ a "proportional, integral, derivative" or "PID 
controller . " A 

PID loop could be used to control the temperature of a 
manufacturing 

process, for example. Historically PLCs were usually 

configured 
with 

only a few analog control loops; where processes required 
hundreds 

or thousands of loops, a distributed control system (DCS) 

would 

instead be used. However, as PLCs have become more 
powerful, the 

boundary between DCS and PLC applications has become less 
clear-cut . " 

http: //en. wikipedia . org /wiki/Programmable_logic_cont roller 



Extract from wikipedia entry on Distributed Control 
Systems . 

"A typical DCS consists of functionally and/or 
geographically 

distributed digital controllers capable of executing from 1 
to 

256 

or more regulatory control loops in one control box. The 
input/output devices (I/O) can be integral with the 
controller 
or 

located remotely via a field network. Today's controllers 

have 

extensive computational capabilities and, in addition to 
proportional, integral, and derivative (PID) control, can 
generally 

perform logic and sequential control." 

http: //en. wikipedia . org/wiki/Distributed_Control_System 
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Extract from wikipedia entry on PID controllers, 

"A proportional-integral-derivative controller (PID 

controller) 

is a 

common feedback loop component in industrial control 
systems . " 

http : //en . wikipedia . org/wiki/ PI D_cont roller 



PID Control Information from John Shaw 



Free PID Tuning Demo 

PID Tuning & Simulation Software Optimize 
Control & Maximize Profits 
www.controlstation.com 



Ads by Goooooogle 



Learn PID Control 

Self-Help Training Manuals Help You Master 
.PID Control 
SlmpleSolvers.com 
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PI / PID control 

Theory for simple analytical tuning fl 
.motion ctrl. + applications 
www.control-innovation.com 



Advertise 



Control Information from 

John Shaw 



This site provides information about process control, 
particularly the PID control algorithm, controller tuning, 
cascade control, ratio control, and other topics. 
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PID is the control algorithm most often used in industrial 
control. It is implemented in industrial single loop 
controllers, distributed control systems (DCS) and 
programmable logic controllers (PLC). 



We are all entitled to have an opinion. If you don't have 
one, you can have my opinions for FREE by Clicking 
Here 



,Buy and download my eBook: The PID f—^ 
^Control Algorithm: How It Works, i|j Most maior credit 
How To Tune It, and How to Use It 



\2nd ed. 62pp 
jincludes expanded information about 
Icascade, feedforward, and other control 
schemes. 

Adobe .pdf file only $15 

ControlSim The PID controller and 
process simulator based on MS Excel 
spread sheets. $45.00 



Get more 
details, buy, 
and download 



Most major credit 
cards accepted. 

Get more 
details, buy, 



Questions and answers 



http://www.leamcontrol.com/pid/ 



Ads by Goooooogle 

Profile & Process 
Control 

Temperature & Process 
Controllers PID, multiple 
loops, buy online 

www.jumo.us 



Free Simulation 
Software 

Dynamic Systems for HIL 
Testing and Rapid 
Controller Prototyping 
www.xanalog.com 



PLCs for OEM 
applications 

World's easiest to use 
programmable controller 
system for OEMs 
www.spIatco.com 



Process Control Tutorial 

Know more about 
Automation, Process 
Control and 
Instrumentation 
www.pacontFol.com 



Machine Control 
Reference 

One-stop informational 
resource for industrial' 
machine control. 

www.controldesign.com 
Advertise on this site 
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Periodically I publish a question and answer. The 
questions come from e-mail to john@jashaw.com, are 
posted on various forums such as control.com or the 
sci.engr.control news group, or the forum on 
www.jashaw.com. The answers are those I have provided 
either on the forum or by e-mail. Often the questions and 
answers are rewritten to make them more generally 
applicable. Several questions may be combined into one 
general question, therefore names will not.usually be used. 

How is the controller action affected if the valve 
is Air to Close (Fail Open)? NEW! 
Difference between series and parallel derivative 
and integral 

Derivative on process rather than error 
Proportional vs. Proportional-reset for level 
control. 

Reset windup and the problems it can cause. 

Best scan time for loops. 

Velocity and Full Value forms of the PID 

algorithm. 

Interactive and non-interactive integral and 
derivative. 

Fail safe level switch connections. 

What is the "standard" PID equation? Gain 

affects all terms? 

What are the benefits of realistic 3-D graphics 
for operator interface? 

Should derivative be used on temperature loops? 



nw Engfaaerfaig Seardi EogiiMr 

FlUQtEO. 

FOCUSED..! 

nnd:l 




Mathematica 5.1 
Wolfram Research, , 

Buy New 



Privacy Inlbnnation 



Ads by Google 

Pid Control 
Pid Theory 
Pid Tuning 
Pid Software 
Pid Tuner 



Want to get rich quick using the internet while staying at home or 
on the beach? Want to be super rich with no hard work? Well, 
who wouldn't. Here is my secret: Tough Luck. We all still have 
to work for a living. But there are ways to make a little more 
money over a long period of time by working hard. Click Here 
to learn more. 



Information about the PID algorithm: 

Tutorial on the PID control loop and tuning (in 6 parts) 



http://ww\v.leamcontro!.com/pid/ 
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This tutorial describes the PID control algorithm, how it 
works, and how it is tuned. 

Brief Explanation of the PID control algorithm 

A brief version of the tutorial. 

Suggested Code for the PID Algorithm 

Two suggestions about how to implement the PID 

algorithm in digital form. 

Information about more complex strategies; 
Override Control 

When there is some other measurement that must be 
constrained, forcing the output of a controller to follow 
another controller's output. 

Cascade Control 

A short explanation, with diagrams, of cascade control 
and the details of its implementation. 

Ratio Control 

A short explanation, with diagrams, of ratio control and 
the details of its implementation. 

Control Views 

News, articles, and comments from the world of process 
control. 

Working for yourself 

Information about consulting, contracting, and self 
employment. 

Know someone interested in PID control? Click 
here to Email them a link to this site. 

Dealing with Uncertainty in Process Design: Monte Carlo 
Simulation. 

Information about apartments in Ballantyne, South Charlotte NO 
Click Here! 



http://www.leamcontrol.com/pid/ 
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Thousand Acre Swamp Hike Schedule 

A schedule of the 2006 public hikes at Thousand Acre 

Swamp in Penfield, NY 



Also of interest: 

Control Engineering Information, my new site. 

Process Measurement and Control Forum for discussion 
of all aspects of process measurement and control, 
The sci.engr.control news group has discussions of 
interest to control engineers. Google groups: 
sci.engr.control 

Buy books on control topics. I have a list of books I 
recommend for reference and for learning about control. 



ControlSim The PID controller and 
process simulator based on MS Excel 
spread sheets. $45.00 


Click here to get 
more details, buy, 
and download 


Buy and download my eBook: The 
flD Control Algorithm: How It 
Works, How To Tune It, and 
How to Use It 2nd ed. 62pp , 

llncludes expanded information about i 
cascade, feedforward, and other i 
control schemes. | 
[Adobe .pdf file only $15 ji 


=SSJ Most major credit 
cards accepted. 

Get more details, 
buy, and 
download 



Learn about process control or get involved in the profession. Join ISA 



Information about apartments in the Baliantyne area of Charlotte, NC Click Here! 



My Personal Web Site - John A. Shaw 

My Business Web Site - Process Control Solutions 

My e-mail address - john@jashaw.com ^ ^ 



http;//www.learncontrol.com/pid/ 
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You can make money at home using the Internet - CLICK HERE 
Learn about dogs, their care, and their training with this e-book. 

For hard to find parts and services for older control systems, see Classic Automation, the 
resource for installed control systems, including PLC and DCS systems. 



Privacy Policy 

Page Updated 05/03/06 19:59 
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> RaPID overview 
■> Benefits 
•> RaPID at Work 
••> Deliverables 

•> Download a full functional demo now (active during 2 weeks). 

RaPID, Robust Advanced PID Control 

Advanced Process Control or APC is undoubtedly the control 
philosophy of the future. And yet, at this very moment some 95 % of all 
controllers in the process industry are still of the PID-type. These PID's 
will continue to be the workhorse of automation for the coming years. 
Simply because they are so easy to implement in safety systems such 

as DCS's and PLC's. This means that, even if you have installed an . 

APC system like INCA, your APC system will continue to act on the 
plant via the underlying control loops - yes, of the PID kind. 
There is one important lesson to be drawn from this: you need to have 
your PID loops opti-mally tuned. And this is exactly where RaPID 
comes in... 



The solution for optimal PID control 

7 good reasons to fine-tune your PID loops: 

1. You Increase the stability and the safety of your 
plant 

Your DCS or PLC system has been set up to ensure the 
stable and secure operation of your plant, via interlocks 
and stable control loops. And stable operation is what 
you need, be it at 

full or at half load. RaPID offers you stable operation in 
all operating points. 

2. You earn more money 

During our own fine-tuning projects we discovered that 
we could gain up to 1.000.000 euro per year simply by 
examining the settings of the primary loops. 

3. You cut back on downtime 

RaPID takes care of the wear of your actuators (pumps, 
valves, etc.) during the fine-tuning process. This allows 
you to find a balance between plant performance and 
actuator wear. And, as you undoubtedly know, less 
actuator use is tantamount to less downtime 

4. You cut down on energy use 

M . 



http://www.ipcos.be/products/generic/rapid.html 
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Oscillating processes consume more energy than stable 
systems, because you fail to keep your process going at 
its most efficient working point. 

5. You get a grip on the consumption of raw material 
RaPID guarantees better control - resulting in lesser use 
of raw material. 

6. You can ensure a better quality control 

If you have better control of your process you need less 
blending. On the average 30% of the control loops 
increase the short-temi variability. 

7. You reduce manual operation 

In many plants about 30% of the control loops are 

manual. This means that plant operators 

have to spend too much time on keeping the plant 

running. With RaPID. these are bygones, and operators 

can focus on the optimisation of the plant. A tremendous 

improvement. 

^ Top 



The benefits are obvious 



Why use RaPID? 

•> RaPID is the first and one of the only tools that optimises PID loops 
based on engineering specifications. E.g. if your PID controller is 
responsible for a temperature following a certain profile (tracking) 
RaPID will optimise the loop for this specific profile tracking. If the PID 
control loop is responsible for disturbance rejection, the loop will be 
optimised for that job. 

> RaPID is not restricted to open loop step response tests. Many 
different test patterns are possible, even closed loop tests. This means 
that you do not have to take your PID controller in manual to tune the 
loop. 

> RaPID has a library of PID structures of most frequently used DCS 
and PLC systems (Siemens. ABB, Honeywell, Emmerson etc ) The 
parameters calculated by RaPID can directly be used in the DCS or 
PLC. Do you happen to work with micro controllers? No problem what- 
soever. Simply tune your PID controller and RaPID will create a source 
code, with the para- 
meters for your micro controller 

> RaPID is a generic tool that is not only used in the process industry 
Aniiong the users of RaPID you will find not only chemical companies 
and refineries but also mechatronic com-panies (e.g. high resolution 
pnnter driveline control) and universities. Universities can buv RaPID at 
very interesting rates. 

^ Top 



RaPID at work 



To ensure an optimally tuned PID loop, you need to carry out the 
following steps: 

1. Collection of process data: RaPID contains a set of 
modules to connect the most frequently used DCS PLC 
and RTDB systems via OPC. DDE and ODBC RaPID is 
also able 

to retrieve historical data stored in files or databases. 

2. Data preprocessing: sometimes it is necessary to 
preprocess the collected data in order to remove spikes 
trends or noise. RaPID contains ail the functionalities 

C'2- 
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needed to perform these tasks. 

3. System identification: in order to obtain good tuning 
parameters you need to have a dynamic model of the 
system that has to be controlled. RaPID contains state of 
the art identification techniques to find the dead times, 
the order of the system and all dynamic parameters, 

4. Control design: in order to obtain optimal PID 
settings, it is important to define the control tasks of the 
PID controller. Depending on the complexity of the 
control algorithm you can tune the PID for disturbance 
rejection, tracking or both. Once this information is 
provided, you will be asked to define the platform type 
(DCS. PLC) and brand the controller 

is running on. As soon as a PID algorithm is selected, 
RaPID will calculate the PID settings needed to solve 
your problem, depending on your DCS system. 

5. Validation: as soon as youVe obtained a set of PID 
parameters from RaPID. just imple-ment them in your 
DCS and test the loop. RaPID will allow you to compare 
and analyse the predicted behavior with the real closed 
loop behavior. 



Platform Environment 

RaPID runs on PCs with at least a Pll 166 MHz processor with 
Windows 95/98 or NT/2000/XP/2003 platforms, preferably with 128 MB 
Ram. 
Top 



Deliverables 

General scope of supply: 

RaPID is delivered in the form of a perpetual license. 

User may tune as much PID loops as desired with one license. 

The RaPID license fee includes: 

•> RaPID software with file import (Excel. Matlab, Access, TXT, 
CSV ) 

> OPC interface 

> RaPID user manual 

> Dongle 

•> One year support and upgrades 

■> Further support and upgrades beyond one year (optional) 

'^ Top 

All contents © IPCOS. 1998-2004. All rights reserved. Design: ontwerpman 
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Controller. AWL 

DATA^BLOCK DB 41 
TITLE = 

AUTHOR : SIMATIC 
FAMILY : ICONT 
VERSION : 0.0 

FB 41 
BEGIN 

CONLRST := FALSE; 

MAN.ON := TRUE; 

PVPER_ON := FALSE; 

P3EL := TRUE; 

I_SEL := TRUE; 

INT_HOLD := FALSE; 

UTL_ON := FALSE; 

D.SEL := FALSE; 

CYCLE := T#1S; 

SPLINT := O.OOOOOOe+000; 

PV_IN := O.OOOOOOe+000; 

PV^PER := w#16#0; 

MAN := O.OOOOOOe+000; 

GAIN := 2.000000e+000; 

TI := T#20S; 

TD := T#10S; 

TM^LAG := T#2S; 

DEADB_W := O.OOOOOOe+000; 

LMN_HLM := l.OOOOOOe+002; 

LMN_LLM := O.OOOOOOe+000; 

PV_FAC := l.OOOOOOe+000; 

PV_0FF := O.OOOOOOe+000; 

LMN_FAC := l.OOOOOOe+000; 

LMN_0FF := O.OOOOOOe+000; 

I.ITLVAL := O.OOOOOOe+000; 

DISV := O.OOOOOOe+000; 

LMN := O.OOOOOOe+000; 

LMN_PER := w#16#0; 

QLMN.HLM := FALSE; 

QLMN_LLM := FALSE; 

LMN_P := O.OOOOOOe+000; 

LMN_I := O.OOOOOOe+000; 

LMN_D := O.OOOOOOe+000; 

PV := O.OOOOOOe+000; 

ER := O.OOOOOOe+000; 

sinvAlt := O.OOOOOOe+000; 

slanteilAlt := O.OOOOOOe+000; 

sRestInt := O.OOOOOOe+000; 

sRestDif := O.OOOOOOe+000; 

sRueck := O.OOOOOOe+000; 

sLmn := O.OOOOOOe+000; 

sbArwHLmOn := FALSE; 

sbArwLLmOn := FALSE; 

sblLimOn TRUE; 
END_DATA_BLOCK 



ORGANIZATION JLOCK OB 35 

TITLE = "Cyclic interrupt" 
VERSION : 0.1 

VAR_TEMP 

0B35_EV_CLASS : BYTE ; 
(Event class 1) 

OB35_STRT_INF : BYTE ; 

OB35_PRIORITY : BYTE ; 

0B35_0B_NUMBR : BYTE ; 

OB35_RESERVED_l : BYTE ; 

0B35_RESERVED_2 : BYTE ; 



//Bits 0-3 = 1 (Coming event), Bits 4-7 

//16#36 (OB 35 has started) 
//Priority of OB Execution 
//35 (Organization block 35, OB35) 
//Reserved for system 
//Reserved for system 
c Pdye 1 "^ ^ 



Controller awl 
OB35_PHASE_OFFSET : WORD ; //Phase offset fmspr-i 

SpIc-^^S-'^'^^Q '• ^NT-; //Frequency of execution (msec) 
enS'vIr°''^'-""' '■ "'^T^ND.TIME ; //Date anHimi 0835 started 

BEGIN 
NETWORK 

T/IVfnUwfH" switching from Auto->Hand then takeover output on Handvalue 
//Flankdetection on Automatik to Manual "u<-mui on nanovaiue 

the haSd valtle ^^""^ choossen then switch the actual output on 

M 11?' so a positive flank 

- M 11,1; 

3CN cent; // when no flank then to the controller 

L MD 48; // Output 

networJ ^^""^^ ^^^"^ 

TITLE =Controller 

//easylJ a'eA?-tlble'" """""'"^ °" ^^is is done to test it 

bil5llu«"" ''^^ """^^"^ '"P"* ^"'^ ""^^ ^"^109 output are here 27648 

//ValuJ°2^H ftw TAr" 1^ ^^'^ Parameters "PV_FAC" for the Process 

LMN.FAC for the Output must changed. process 

//w^SS JhIt''iJ"n??%lro''-°''" ""derlimit has to be changed 

cont: CALL FB 41 , DB 41 ( 

SSn-on"^ := FALSE.// Total! Reset 

PVPE?_ON :: TRi.P //°o2;y ''°S switching to handvalue 

input on "PV.VER^ "^ead in Procesvalue over Analog 

:= TRUE,// p-Action ON 

INT HOLD " 10-1.// I-ACtion ON 

integrator can;be ;;frozen" by settin^tKe inpu •^^/(e^^°a^t^5^■ 

ACTION ^--^"--ON := FALSE,// INITIALIZATION OF THE INTEGRAL 

CYCLE xiiic ,^0-3. //.DERIVATIVE ACTION ON 

.ust^be constant. The "sampling ^in^e'-'^^^ZlH^^^^^^^^ 

pSilT i'US 12.// setpoint 

= TRUE " •= MD 16,// Is switched off with pvper_on 

San''^'* :: SJ*^ 512.// value from Analog,_lnput (MW4) 

used to set a manual value using the-^pS^ator'in^^rS^e funcJiont'"' 
^^iiM := MD 24, 

:= MD 28, 

:= MD 32 



?;K%;jSffeV?he-uSgSrit:?t]°^-'^^'^- TJe°-^m/a;?yt;:8"JtfSe^ ;;?JK^;>,,.. 

Proces valu^between 0...100SK = 0. . . ^7648°°°°°°^"'°°° ' = Standard, scaling 
lmn^fIc ?-2SS2S°e+000.// no Offset 

output value bitween 0...100SK = 0...27648 ' Standard, scaling 

tJJJ-^'''' O.OOOOOOe+000,// no offset 

.- MD 48.// The effective manipulated 



- . Controller. AWL 

value IS output in floating point format at the "manipulated value" output 



LMN_PER 

in the I/O format is 
peripheral" output. 

QLMN_HLM 

QLMN_LLM 

LMN^P 

LMN_I 

LMN_D 

PV 

ER 

BE ; 
END_ORGANIZATION_BLOCK 



ORGANIZATION_BLOCK OB 100 

TITLE = "Complete Restart" 
VERSION : 0.1 



:= PQW 512.// (MW6) The manipulated value 
connected to the controller at the "manipulated value 



M 
M 

MD 
MD 
MD 
MD 
MD 



10.4, 

10.5. 

52, 

56, 

60, 

64, 

68); 



VAR_TEMP 

SIioo-rIseSIS i ^^Wk ■ '/k'" COrLmzation block 100, OBIOO) 

i;^:rJ;^-*^^^^'^^^^-i • J //Reserved for system 

OB100.RESERVED,2 : BYTE ; //Reserved for system 
5^3-22-^™^ ' ^^^^ 5 //Event that caused CPU to stop C16#4xxx) 
opin^nlxH?^? • ' //information on how system s?a?ted 

enS!Jar ' DATE^ND^TIME ; //Date and time OBlOO started 

BEGIN 
NETWORK 

TITLE =Place first values to the controller 



OPN 
SET 



L 
T 
L 
T 
L 
T 
L 
T 
L 
T 
BE 



DB 
I 

M 

M 



41; 

10.0; 
10.1; 



l.OOOOOOe+001; 

MD 12; 

2.000000e+000; 

MD 24; 

T#20S; 

MD 28; 

T#10s; 

MD 32; 

l.OOOOOOe+002; 

MD 40; 



end_organization_block 
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Riti»d by .\jion)-tiwi» en II rio\«>ii4ivi-. 3)0d • :::q nra 

'.Vhch or.e« bstier to dcitif:i <« ptticefi plaa^t whici: haj jeytra! PID coaJroflm^i U^ops 



V) Caiuie:: Joaps :c tht plain PLC. di same PIE* programnsaig. «uJ !f. -J* PLC CMlrol ihc ieopj directly 

[craniuncauon schei 
R»1«ly ra iliKpMi... 



jWeb enabled 

control. 
Analog, digital, 
motion. 



2) SJlihse -ngle-loap coazroreij <\wth PID capaWily) fcr rre-jT sngj; Icop. then m;eaiai« item lo Ihe p-aia PLC usaia 
c cnmiunnuon sc hone ;uch MODBUS. etc . 



I^iitMl by Ntttt ui Tlmii Borsmna on I-l No\i*ii4i»i\ aniii • 10:58 pm 

Ht. AnoiiytRcus, 

Scrae pornive pcmlf far the PLC johilicn: 

you rtay have j tV tw PJD up&ne ci:l« (conned to Icw coa ftng^e loop:) This say be bnpananl to flew and otha- 
JMt baps 

•/OM Mjf have a hater 'naa-contmiMiuj' condaicrs mwagnnai. ajcb:rfins seme logx to treat jpwi&l hatch con ttjanj 

Seme posinv^ pcBWj fox ths single lowj 

PehaWiJy i ^--uJure in ojif r.cntro'Jer %vill r^t stop ali the jy?t<5n 
. WunimiiKr'. r^ny con'joJn tvivs onf aipiii. onf c-cptii. (lii:pUy, kifyboarJ. And you dor.1 r,»M sp^jaJ c^bl; or 
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Single-loop controllers and PLC p^g^ | 2 

from the Automation List department... 
Single-loop controllers and PLC 

Posted by Anonymous on 1 1 November, 2006 - 2:20 am 

Which one is better to design a process plant which has several PID controlling loops: 

1) Connect all loops to the plant PLC, do some PID programming, and let the PLC control the loops directly. 

2) Utilise single-loop controllers (with PID capability) for every single loop, then integrate them to the plant PLC 
using communication scheme such as MODBUS, etc. 

Posted by iMarcos Thoni Bergamo on 14 November, 2006 - 10:58 pm 

Mr. Anonymous, 

Some positive points for the PLC solution: 

. You may have a faster PID update cicle (compared to low-cost single loops). This may be important to flow 
and other fast loops. 

. You may have a better "non-continuous" conditions management, including some logic to treat special batch 
conditions. 



Some positive points for the single loops: 

. Reliability: a failure in one controller will not stop all the system 

. Maintenance: every controller have one input, one output, display, keyboard, and you don't need special cable 
or software to program/debug it. An instrumentist can fix a problem at Saturday 3AM. 

Regards 



Marcos T. B. 



Posted by Anonymous on 6 December, 2006 - 9:20 pm 

I have replaced single loop controlers with PLC's for years. I need to switch between different controiers during 
the process.! also pass values and control bits between loops. The input and output configurations vary but 1 
maintain a structured data block for each controler. This makes HMI screens and historical base management 
easy for multiple loops. With newer PLC's this is also possible with multi-instance processing.In many cases 
the HMI database can be populated straight from the PLC. I am now starting a project with S-7 and IFIX and 
am searching for peoples experience with Siemens PID controlers. In the past I have used other brands or 
written my own. 

Posted by Steve Hartigan on 8 December, 2006 - 7:52 pm 

Siemens purchased Moore Automation over five years ago. They still market their 353 Controllers which I 
found to be the most robust and advanced devices available. That said, they are a bit pricier than some others 
on the market. At an LNG plant that I previously worked at, they were the sole control platform on several 
heat exhangers and boiler controls. 

I was recently told that Emerson (Fisher-Rosemount) is no longer making their model. I have heard good 
things about the Foxboro products, but have never seen them in action. I hope that this helps. 

Posted by Dennis Patterson on 8 December, 2006 - 9:42 pm 

I would suggest using loops in the PLC, it is more cost effective, easy to do and scalable. In the Boral cement 
plant i work at, i add and remove loops all day. If the process engineer wants to cascade a temperature and flow 
loop Its simple to perform in the PLC without tedious wiring and saves days of work at a time. We have 
hundreds of loops running in the PLC to SCADA, using S7 and TI with CITECT. If you want an example just 
e-mail me and ill send you a S7 example. 



automation-integrator@iinet.net.au 
From Control Engineering magazine... (^^^ 
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Related articles from Control Engineering magazine 

- Doing flexible manufacturing right with S88 design 

- Product lifecycle: Siemens moves to acquire UGS Corp. 

- Distribution: Microchip Technology development software available via download 

- Bus & Board 2007: New name, new products introduced 

- Bus & Board 2007: Speakers address VMEbus trends, needs, new technologies 

- Products: Controller trouble-shooting software on site or long distance 

- Products: Mass flowmeter/controller gives fast response in gas applications 

- Products: New alarm notification system upgrades features 

- News: Use of collaborative production management for process manufacturing growii 

- Opinion: Advanced control schemes aren't just for big guys 

Above articles copyright 2006 Reed Business Information. Subject to its Terms of Use. 



Your use of this site is subject to the terms and conditions set forth under Legal Notices 
and the Privacy Policy. Please read those terms and conditions carefully. Subject to the 
rights expressly reserved to others under Legal Notices, the content of this site and the 
compilation thereof is © 1999-2006 Control Technology Corporation. All rights reserved, 

Users of this site are benefiting from open source technologies, including PHP, 
PpstgreSlQL and Apache. Be happy. ' 
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This invention relates to an improved method of 
controlling temperature in a jacketed batch reactor. More 
specifically but not by way of limitation, the invention 
relates to a novel control strategy and associated control 
algorithm that employs master (outer) and slave (inner) 
control loops in a cascaded arrangement with a master 
controller process variable used as a variable bias in the 
control algorithm. 

2. Description of the Related Art ^ ^ 
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The normal engineering practice to deat with a tempered 
heating/cooling control problem is to install a cascaded 
control system. In such a situation the slave controller 
(i.e., the inner control loop) involves the temperature of 
the jacket heat-exchange fluid and the master controller 
(i.e., the outer control loop) involves the temperature of 
the reactor/reaction. Typically the slave controller uses a 
proportional integral (PI) control algorithm and controls 
the temperature of the heating/cooling media flowing 
through the reactor jacket. The master loop uses a 
proportional integral derivative control algorithm (PID) 
and controls reactor temperature. Since the controller 
tuning required to heat/cool as fast as possible is much 
different from the tuning required to hold the reactor 
temperature at set point, a sacrifice is normally required 
which inhibits control system performance. An alternative 
method uses a nonlinear control algorithm for the master 
controller and a proportional integral algorithm for the 
slave loop. While this method is satisfactory, it is too 
complex for instrument maintenance groups to calibrate 
and usually ends up being operated in manual mode. 
Another draw back is that both methods consist of three 
or more parameters within the master controller which 
require routine tuning to ensure system performance. 
This can typically exceed the technical capabilities of 
most instrument maintenance groups. 

SUMMARY OF THE INVENTION 

In view of the above, the present invention provides an 
Improved method of controlling the temperature of a 
batch reactor comprising the steps of: 

(a) providing a jacketed batch reactor with circulating 
heat-exchange fluid In the jacket surrounding the reactor 
and a reaction mass in the reactor, a means for heating 
said circulating heat-exchange fluid, a means for cooling 
said circulating heat-exchange fluid, a means for 
circulating said heat-exchange fluid to supply or withdraw 
heat from the reaction mass, a pair of matched 
temperature sensors, wherein the first temperature 
sensor monitors the temperature of said reaction mass in 
said reactor and the second temperature sensor monitors 
the temperature of the heat-exchange fluid in the jacket 
and both of said temperature sensors are operative over 
the same full temperature range of the reaction, a 
primary and slave proportional controller means arranged 
in a cascaded relationship, wherein said master / 



controller Is responsive to the temperature of said 
reaction mass by operative communication with said first 
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temperature sensor and wherein said slave controller is 
responsive to the temperature of said heat-exchange 
fluid by operative communication with said second 
temperature sensor, and (b) utilizing a cascaded master 
and slave controller means for controlling the 
temperature of said reactor wherein the temperature of 
the reactor monitored by said first temperature sensor 
serves as the measured variable. MV^, in the master 
loop and the jacket temperature monitored by said 
second temperature sensor serves as the measured 
variable, MVj. in the slave loop and the feedback for the 
master loop. FB^ , is set equal to said measured variable, 
MV^. or the master controller set point. SP^, thus 
creating a proportional variable reset. 

In one embodiment of the invention, the controller circuit 
involves a digital electronic controller or corresponding 
analog electronic controller and in another embodiment a 
pneumatic controller is employed. 

Thus, it is the primary object of the present invention to 
provide an improved temperature control system and 
associated proportional with variable bias algorithm that 
will allow for the heating as rapidly as physically possible 
during temperature ramp steps yet simultaneously allows 
for virtually no temperature overshoot or undershoot and 
will maintain a temperature control setpoint during a 
subsequent hold period. It is a further object to provide a 
temperature control system that affords the operator the 
ability to time the temperature control by setting only one 
parameter (i.e., turning only one control knob) which 
leads to simplicity and ease of operation. Fulfillment of 
these objects and the presence and fulfillment of 
additional objects will become apparent upon complete 
reading of the specification and drawing in combination 
with the attached claims. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is cross sectional schematic view of a jacketed 
batch reactor according to the present invention with 
cascaded proportional master and slave control loops 
with bias feedback. 

FIG. 2 is a set of three segments of temperature 
recordings during the actual use of the improved 
temperature control method according to the instant 
Invention while running a polymerization reaction in a 
jacketed reactor as shown in FIG. 1, wherein FIG. 2a is 
the initial two stage start up and temperature rise, FIG. 
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2b is the sustained temperature hold and FIG. 2c is the 
cool down. 

FIG. 3 is a schematic view of a pneumatic controller 
alternative embodiment according to the present 
invention with proportional variable reset (i.e., with bias 
feedback) to be used in the cascaded master control 
loop. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The improved batch reactor control system according to 
the present invention, how it is made and functions and 
how the overall method differs from prior art as well as its 
advantages relative to the prior art can perhaps be best 
explained and understood by reference to the drawing 
and by reference to the under lying control algorithm 
associated with the use of what we have chosen to call 
"proportional variable reset" (PVR). As illustrated in FIG. 
1 , the equipment associated with the typical batch 
chemical reactor, generally designated by the number 
10, including the temperature control system will involve 
reactor vessel or kettle 12 containing the reaction mass 
(not shown) enclosed or surrounded by a jacket 14 
containing a circulating heat-exchange media or fluid 16. 
The reactor vessel 12 in this particulariy preferred 
illustrated embodiment is further equipped with a stirring 
mechanism 18 while the heat exchange fluid 16 is 
withdrawn from the upper portion of the jacket 14 by 
circulating pump 20. Down stream from the pump 20 the 
circulating fluid stream is split such as to pass a portion 
of the heat-exchange fluid through a heater 22 and the 
rest of the fluid stream through a cooler 24 before 
recombining the streams adjusted via valves A/C and 
returning the fluid to the bottom of the jacket 14. it should 
be appreciated that many alternative variations in the 
specific details of the equipment including but not limited 
to vessels, pumps, valves, piping and the like can be 
employed or not employed, all as generally well known in 
the chemical arts without, departing from the spirit and 
scope of providing a jacketed batch reactor with 
circulating heat-exchange fluid as the phrase is used 
herein to describe and claim the instant invention. 

As further illustrated in FIG. 1, the reactor vessel 12 is 
equipped with a first temperature sensor 26 which in use 
monitors the temperature of the reaction mass while 
simultaneously a second temperature sensor 28 monitors 



it enters the lower portion of the jacket 14. It is critical for 




http://www.patentslorm.us/patents/5697436-description.html 



2/14/2007 



Proportional with variable bias batch reactor temperature control system - US Patent 5697... Page 5 of 10 



purposes of this invention that the respective 
temperature sensors be selected such that they are 
matched. By this it is meant that the temperature range 
of the stave (inner) control loop and the temperature 
range of the master (outer) control loop be equal either 
through transmitter range selection, internal/extema! 
scaling or the tike. As can be seen from FIG. 1 , the signal 
from the first sensor 26. corresponding to the 
temperature of the reactor, is operatively connected to 
and transmits the temperature (TT) to the master or outer 
temperature controller 30 vihWe the signal from the 
second sensor 28, corresponding to the temperature of 
the jacket, is operatively connected to and transmits the 
temperature (TT) to the slave or inner temperature 
controller 32 of a pair of cascaded temperature 
controllers (again 30 and 32. respectively). A transducer 
(1/P) transduces the signal from electronic to pneumatic 
as necessary. As such the process or measured variable 
for the master control loop is the temperature of the 
reactor; i.e.; MV^ (Reactor Temp). Similarly, the process 
or measured variable for the slave control loop is the 
temperature of the jacket; MV2(Jacket Temp). Again the 
pair of controllers 30 and 32 are operatively connected 
and thus arranged in a cascade control architecture with 
reactor jacket temperature as the inner or slave loop and 
reactor temperature as the outer or master loop. The 
feed back signal in the master controller, which is 
normally equal to controller output (OUT^) or slave loop 
process Variable (MVg), Is for purposes of this invention 
set equal to master loop process variable (MV^) or the 
master controller set point (SP^) or other parameter that 
tracks or parallels one of these variables. As such and for 
purposes of claiming this invention the reference to 
setting the feedback for the master loop (FB^) equal to 
the measured variable (MV^) is intended to Include the 
reactor temperature and equivalent parameters such as 
the reactor setpoint or the like. 

More specifically and for further clarity, in the generic PID 
controller algorithm the output equals a controller gain 
times the difference between the set point and the 
measured process variable plus the value of the external 
feed back variable as represented by: 

OUTPUT=K(SP-MV)+FB 



where; 



K=controller gain 
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SP=set point on controller 

MV^measured process variable on controller 

FB=extemal feed back variable 

Thus in the case of the instant cascaded pair of 
controllers the corresponding generic algorithm for the 
"Proportional with Variable Reset" is represented as: 

TC2 =Slave Loop 

OUT2 (SP^ -MV2)+FB2 

and 

TC^ =Master Loop 

OUT^ =K^ (SP^ -MV^)+FBi 

where 

FB^ =MVi (Reactor Temp) or FB, =SP^ (Reactor SP) 
and thus 

OUT, (SP, -MV,)+MV, or OUT, =K, (SP, -MV,) 



but MV^ becomes equal to SP, at the control point thus 
at temperature hold subsequent to optimum rapid 
temperature rise 



OUT, =K(2ero)+MV, or OUT, =K=(zero)+SP, 



OUT, (Jacket SP) =MV, (Reactor Temp) or OUT, (Jacket 
SP)=SP, (Reactor SP) 

In other words, in the embodiment illustrated in FIG. 1 
wherein the feedback for the master loop, FB,, is set 
equal to the measured variable, MV,, the OUT, (which is 
the Jacket SP, see tie line in FIG. 1 between 30 and 32) 
becomes MV, at temperature hold subsequent to 
optimum rapid temperature rise and this value is the 
reactor temperature at that hold. Similariy for the 
alternate embodiment represented by the above 
alternate equations wherein the feedback. FB,. Is set 



+SP, 



and 
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temperature hold becomes SP^ as well as the jacket SP 
which again is the desired targeted reactor temperature 
at hold. 

Again in contrast, normal batch control would set 
FB, =OUT^ or MVg 

which would not accomplish the end result that the PVR 
algorithm achieves. By way of further explanation an 
ideal control would be to keep OUT^ at a maximum until 
the reactor reaches the required setpoint and then set 
the jacket temperature setpoint at the kettle setpoint. 
However, on a pragmatic level this concept would require 
extraordinary effort using contemporary cascaded PID 
controllers. In comparison the instant invention 
approaches this and involves merely tuning the system 
by adjusting one gain setting. In the following Example 
there is a temperature ramp step from 200** C. to 230" C. 
In the ideal case the OUT^ would be kept at a maximum 
of pertiaps 300' C. by setting SPj on TCj at this value 
until the reactor reaches the required setpoint 230' C. 
and then one would reset OUT^ to 230* C. as 
represented by: 

if MV^ (Reactor temp) not=230' C. 
then keep OUT^ (Jacket SP) =300' C. 



if MV^ (Reactor temp) =230' C. 
then set OUT^ (Jacket SP) =300" C. 
According to the instant PVR the 
OUT^ =K-, (SP^ -MV^)+MVi 

and at the control point 
MV, =SP^ 

thus 

OUT^ =K(zero)+MV, 

or more specifically 



OUT^ (Jacket SP) =MV, (Reactor Temp). 



and 
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and 

OUT^ =230' C. 

In other words, the algorithm associated wUh the instant 
control system inherently mimics the Ideal state while the 
only operator adjustment is the controller gain. It is well 
within the skill of the operator to adjust gain based oh 
experience derived relative to the particular reaction to 
be rim. One merely determines empirically the gain 
setting necessary to achieve simultaneously optimum 
temperature rise and/or fall without overshoot and/or 
undershoot. Again a concept well within any practitioner's 
skills, 

The actual choice and installation of the cascade 
controller is not viewed to be critical in that it is felt that 
any such device as generally practiced in the art can be 
employed. Preferably a general purpose PID digital 
cascade controller is to be employed with reassignment 
of the Master Loop feedback as described above. It 
should be further appreciated that a corresponding 
analog electronic controller or a pneumatic controller can 
be and has been successfully implemented according to 
the PVR algorithm. One specific embodiment of such a 
configuration is schematically illustrated In FIG. 3 
wherein the K, MV, SP and FB have the same meaning 
as illustrate above and the general output, e^^j, is given 
by: 

©out='<(SP-MV)+FB. 

Commercially available controllers which have been 
successfully used in the improved temperature control 
system according to the present invention include Moore 
Products' 352 Single Loop Digital Controller. Moore 
Products' analog pneumatic controller and Honeywell's 
TDC 3000 Distributed Control System. 

/- — -J 

EXAMPLE 

To further illustrate and evaluate the improved batch 
reactor temperature control method employing the 
cascaded master and slave control loops with variable 
bias feedback according to the present invention, a five 
hundred gallon commercial jacketed batch chemical 
reactor arranged and configured as shown in FIG. 1 and 
as described herein was employed to perform a 
polymerization reaction. This polymerization reaction L 
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produces a commercial polymer that is used as a fiber 
finish additive commonly applied to polyester fabrics as a 
slickener and commerdally available from E. I. du Pont 
de Nemours and Company under the tradename 
Zelcon.RTM.. The commercial scale batch reaction is 
known to be troublesome in that temperature variations 
during reaction and lack of consistent reprodudbility of 
temperature from batch to batch leads to variations in 
molecular weight distribution and viscosity. This in tern 
represents an inability to meet product quality 
specifications on a consistent and reproducible basis. 

As configured, the commercial scale 500 gallon batch 
reactor was characterized as having a heat input 
capability 2.5 times the heat removal capability with a 30 
minute dead time to heating or cooling changes. Thus 
the heating and cooling ramps took hours (see FIG. 2a, 
2b and 2c). The heating was by an electric heater which 
had two elements and cooling and heating were split 
range. The control requirements for the reaction involved 
heating the reaction mass to a minimum of 100* C. as 
fast as possible followed by the manual addition of a 
charge of Carbowax. This took approximately 1 hour and 
45 minutes. The reaction mass was then heated to 200' 
C. as fast as possible which took another 2 hours. A 
temperature hold at 200"* to 205" C. for 1 hour followed 
the second temperature ramp after which the reaction 
mass was again heated with application of vacuum (see 
endotherm of FIG. 2a) as fast as possible to 230* C. 
which involved another 3 hours. At this point the reactor 
was held at 230'±2'' C. (see FIG. 2b) until the desired 
viscosity set point is reached. This typically takes from 8 
to 1 2 hours and is the most critical control step for 
product quality. The reactor was then cooled to 180" C. 
as fest as possible which took 7 hours after which the 
product was transfen-ed from the reactor. 

As shown in the temperature recordings of FIG. 2a, 2b 
and 2c, the temperature rise-times of the reactor (the 
lower smooth cun/e) were very rapid (i.e., optimal) and 
the temperature control during the critical hold times (in 
particular see FIG. 2b) were very flat and stable (i.e., 
again optimal). More importantly, the overall reaction 
process and product quality has been found to be highly 
reproducible particularly when compared to the previous 
history of such reaction. Also, implementing the process 
using pneumatic circuits rather than electric has been 
shown to give virtually identical results again indicating 
that the use of the proportional variable reset concept 
(i.e., in this case the temperature of the reactor as the 
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feedback to the master temperature controller) 
significantly improves the temperature control of the 
batch reactor. 

The advantages and benefits associated with the 
improved batch reactor temperature control system 
according to the instant invention are felt to be numerous 
and significant. For example, the improved temperature 
control system w^ith proportional variable reset allows for 
the heating as rapidly as the possible during temperature 
ramp steps yet simultaneously allows for virtually no 
temperature overshoot or undershoot. In other words, the 
proportional with variable bias algorithm will heat and 
cool at the maximum heat input and removal rate of the 
process equipment as rapidly as process dynamics 
allow. It will maintain a temperature control setpoint 
during hold period with no over shoot or undershoot after 
maximum heating and cooling ramp. The system affords 
the operator the ability to time the temperature control by 
setting only one parameter (i.e., mining only one control 
knob) which leads to simplicity and ease of operation. 
Also, the product quality, ease of meeting production 
specifications and reproducibility is markedly improved 
particularly for reaction that are highly sensitive to 
temperature fluctuations during manufacturing. These 
advantages and benefits translate into economic savings 
in use of human resources, equipment utilization (such 
as reduced cycle time) and reduction of off-spec product. 

Having thus described and exemplified the invention with 
a certain degree of particularity, it should be appreciated 
that the following claims are not to be so limited but are 
to be afforded a scope commensurate with the wording 
of each element of the claim and equivalents thereof. 



Other References 

Instrumentation for Process Measurement and Cotrol 
Nornian Anderson, 1974 pp. 158, 159. 



HO 

Home I Browse by Inventor | Browse by Date | Resources | Contact Us 
© 2004-6 PatentStorm LLC. All rights resenred. 



http://www.patentstorm.us/patents/5697436-description.htmI 



2/14/2007 



A M m.u • MA 2434 Doug Barnard Parkway 

Augusta Newspnnt Company Augusta, ga 30906 



Phone 706 798 3440 
Fax 706 312 6473 



Final SdenAific Report 



Implementation of a TMP Advanced 
Quality Control System at a 
Newsprint Manufacturing Plant 



Award Number DE-FC36-01 ID14210 

Time Period: 8/14/01 to 8/16/05 

Mill Contact: S^bastien Kidd 

706 798 3440x413 
skidd@auQustanewsDrint.com 

Project Director: Douglas W. Hooker/DOE 
303 275 4753 
doua.hooker@ao.doe.Qov 

Project Team: David Roberston/DOE 
Vairi Robinson/DOE 
Bill Strand/Pacific Simulation Metso 
SSbastien Kidd/Augusta Newsprint 



DE-FC3&O1ID14210 



1 



Executive Summary: 



This project provided for the implementation of an advanced, model predictive multi-variant controller 
that wori<s with the mill's existing distributed control system. The method provides real time and online 
predictive models and modifies control actions to maximize quality and minimize energy costs. Using 
software sensors, the system can predict difficult-to-measure quality and process variables and make 
necessary process control decisions to accurately control pulp quality while minimizing electrical usage. 
This method of control has allowed Augusta Newsprint Company to optimize the operation of its' 
Themrio Mechanical Pulp mill for lower energy consumption and lower pulp quality variance. 

Augusta Newsprint's Thenno Mechanical Pulp(TMP) mill Is one of two pulp mills that feed two high 
speed Newsprint Machines. The TMP mill is comprised of eleven 12,000 horsepower refiners. These 
refiners, in three stages, take wood chips from approximately T x 1" x %" to individual pliable fibers. 
This process is very energy intensive and can change due to the conditioning of the chips and the 
operation of the rest of the TMP process, primarily the rate at which fibers are rejected and re-refined. 

Figure 1 -Thermo Mechanical Pulp Process Flow Diagram 



Mainline Secondary Primary 

Screens Refiners Refiners 




DE-FC3&01ID14210 



2 



Results: 



The primary goal for this project was the reduction of energy consumption for the mill. Figure 2 shows 
a savings of - 3.5% for the total mill, or $1 .26 million per year at 2001 energy prices. The goal of the 
project was to save $1.12 million per year after complete implementation; this is judged on a quarterly 
basis using a sliding scale of energy usage versus pulp quality (seen in Figure 3). In addition to the 
energy savings; a goal of 40% pulp quality variance reduction was set (progress can be seen in Figure 
4). Other anticipated and recognized benefits were increased pulp quality and reduced usage of 
supplemental Kraft pulp. These results were achieved while increasing the production rate of the 
Thenno Mechanical Pulp mill; though many other factors in the mill assisted in these results, i.e. 
chemical additions, pulp quality targets and various energy reducing projects in the mill. 

Figure 2 - Total Mill Energy Consumption 
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Figure 3 - Burst versus Specific Energy 
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Figure 4 - Decker Freeness Variability 
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lTT: Main Lab Data — Baseline — Guarantee TMP Data 

Project Activities: 
Initial Data Analysis 

Prior to beginning any mill Advanced Quality Control system, existing historical data was analyzed. 
The purpose of this analysis is to determine preliminary estimates in the following areas: 

■ What are the primary areas of control (refiners, screens, blending)? 

■ What is the present pulp quality and paper quality variance? How does it compare against 
other mills? 

■ What are the economic factors affecting this project 

o Furnish (Kraft, broke. IMP, RNP) 

o Energy (electrical, steam, etc..) 

o Paper Machine Efficiency (speed, breaks, off-spec, etc. . . ) 

o Chemical Costs (bleach, retention aid, filler, pitch control, etc. . .) 

o Chip Costs. . . 

Control Infrastructure 

Advanced Quality Control projects are designed to use a central process control data sender. This 
project task involves the design and implementation of the process control data server. Normally there 
are two interfaces installed: 

■ DCS interface - This is for all continuous process data. 

■ MIS interface - Most off-line testing (pulp and paper quality) is stored in a MIS system. At 
Augusta Newsprint, PI is the primary system used for data storage. 

Initial Simulation 

A detailed steady state and dynamic simulation was developed of the mill operation from the chip pile 
through the pulp mill. The simulation, developed using WinGEMS 5.0, sen/es a number of purposes: 

■ Baseline the mill operation 

■ Identify process bottlenecks 

■ Further refine the availability of data 

■ Detenmine significant time delays in the system for synchronizing process and quality data 

■ Initial basis for tuning full mill control systems 

■ Platform for building control systems for the operators 
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Time Synchronization Simulation 

When predicting in real time, the effect of pulp quality at various points in the pulp mill must be time 
determined, data from throughout the mill must be time synchronized. Time synchronization must deal 
with the following factors: 
" Changing tank levels 

■ Changing production rates 

■ Process recycles 

■ Dead time, mixed tanks as well as non-ideal flow 

A specialized WinGEMS simulation called an Event Profiler was developed for detemriining tiie process 
delays. The simulation was first built and tested off-line, then linked to the process control data server 
for on-line real time synchronization. 

Evaluation of Regulatory Control 

Advanced Quality Control requires that the regulatory control elements and control loops are designed, 
implemented, tuned and maintained correctiy. A complete evaluation of the applicable regulatory loops 
was performed. Changes to the regulatory loops and elements were recommended prior to 
proceeding witii Advanced Quality Contirol. 

Detailed Unit Operation Modeling 

Whenever possible, historical data or mechanistic models are used to develop the contirol parameters 
for the Advanced Quality Control system. However, a portion of the models required for building the 
controllers does not lie in the historical data analysis or In the first principle mass and energy balances. 
Mill trials were perfomied to identify these model coefficients. This was nomially in tiie fomn of process 
bump testing. 

Detailed Control 

Advanced Quality Control has the goal of improving the economics of the process by achieving 
sustainable and quantifiable economic benefits. Sustainable economic benefits are achievable through 
coordination of the Advanced Quality Control from tiiroughout tiie mill. Three process areas were 
identified for Advanced Quality Conti-ol by the initial data analysis: Mainline Refiners, Reject Refiners 
and the Screen Room. 

Post Audit 

Once all systems were complete, the system perfomiance was audited to detemiine the perfomiance 
level. 

Issues during the Process: 

■ From the beginning of the project it was known that many of the existing regulatory control 
hardware would have to be upgraded; flow meters, consistency meters, hydraulic conti-ols, 
etc... 

■ Separate Energy Reducing Projects; Augusta Newsprint invested an additional $450,000+ 
from 2002 to 2004 to reduce energy usage. 

■ Production Rate of tiie Themio Mechanical Pulp mill; this rate which can be driven by outside 
market forces dramatically impacts tiie mill's power consumption. The higher the production 
rate the higher tiie total mill's energy consumption. 2001 , 2002, 2003 and 2004 all had 
increases in the Thermo Mechanical Pulp mill production rates. 

■ Major process changes; 



o Mill chose to add a chemical treatment to the pulp tiiat improved strength properties of 
ttie pulp, 
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o 



Mill reconfigured the Mainline Screens, going from five primary screens to three 
primary screens and two secondary screens in a feed forward configuration. 



■ Operational changes In other areas of the mill; during the time period of the project, due to 
mari(et conditions the paper machines needed a pulp that drained faster. 

These Issues were dealt with using originally twice weekly strategy meetings to now once weekly 
meetings. The participants for these meetings are both Pacific Simulation representatives and Augusta 
Newsprint representatives. Pacific Simulation provided both local and call-in representatives, while 
Augusta Newsprint representatives included those directly involved with the Themrio Mechanical Pulp 
mill operations as well as those who could speak for the other areas of the mill. 

One of the major shifts in strategy has been a change in pulp freeness (a measure of how quickly water 
will drain from a pulp solution). This helped the machines run faster, requires less energy to achieve 
and helps utilize the change in strength due to chemical addition. Figure 6 shows the shift in fireeness 
and the resulting shift in burst (a common measure of pulp strength). Due to this shift, consideration 
had to be taken when determining the value of energy reduction due to the project versus the energy 
reduction by merely shifting the freeness target. Much of the rise in the target was made possible by 
the lower pulp quality variance. 

Figure 5 - Final Freeness versus Burst 
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Computer Modeling: 



Operating Environment 

The TMP MPC (Model Predictive Controller) application runs on two operating environments, a host 
distributed control system interlacing directly with the process and a PC/NT sender mnning the 
MPC/Process control data server application software. Figure 6 shows the basic application 
architecture. The an-ows indicate exchange of data between the operational units (blocks). 



Figure 6 - Application Architecture 
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Multi-Variable Predictive Controller 

The MPC package is a Multi- Variable Predictive Controller, written in Visual Basic and Fortran. The 
optimization engine of MPC is a Fortran program called Minos, which was written and developed at 
Stanford U. in Connecticut. 

MPC has a user-interface for setting tuning parameters and monitoring the control operation. Basic 
configuration is done in a flat file that specifies manipulated variables, controlled variables, their tag 
names, and their model-relationships. The configuration infonmation is stored in an MS Access format 
database. 



Data is exchanged with the DCS via MS OLE for Process Control (OPC) and the process control data 
server interfaces. Every 30 seconds, MPC reads process feedback (i.e. cun-ent values of the controlled 
and manipulated variables), perfonms the optimisation that calculates the new manipulated variable 
setpoints and sends them to the DCS. 

At'-7 
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Process Control Data Seiver 

The process control data server provides a database and an interface to the Data Pipe. The Data Pipe 
transfers data between the process control data server and the OPC server. The process control data 
server polls data pipe for data and historizes it in the database. It is the process control data server 
through which the MPC application reads data from the DCS. Manipulated variable setpoints and other 
infomriation are sent to the DCS via Data Pipe from IMAS. 

Program Server 

The program sen/er allows remote dial-in and ains Data Flow Engine applications. The Data Flow 
Engine applications perform scheduled calculations and interface with the process control data server. 
A Data Flow Engine application has been developed which calculates "Software Sensor" or model 
estimates of some of the TMP process variables (see Quality Variable Modeling - Software Sensors 
Section). These estimates are used by the MPC for controlling the TMP process. 

Distributed Control System 

A Honeywell TDC 3000 is the distributed control system (DCS) platform for this application. The MPC 
interface and the low-level PID control loops nearest to the process mn on this platfomn. Setpoints 
calculated by MPC are sent to these lov^level PID control loops (also known as manipulated variables). 

Multi-Variable Predictive Control (MPC) Configuration 

The MPC configuration includes detemiining the manipulated and controlled variables, defining the 
interaction matrix, building the input-output models and defining the optimisation objectives (e.g. 
maximise production). 

Control System Structure and Operation 

The control system structure, shown in Figure 7 includes the MPC controller and the Software Sensors. 
The MPC controller will take controlled variables (process outputs) from the Software Sensors and 
calculate control moves for the manipulated variables (process inputs). 
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Figure 7 
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Manipulated Variables (Process Inputs) 

Manipulated variables (process inputs) are the low-level PID controllers used in MPC to move the 
process to its desired operating state. Based on a regulatory audit, the key loNA^Ievel loops that 
influenced pulp quality were evaluated. The manipulated variables used in this application are transfer 
screw speed, primary motor load, secondary motor load, primary dilution flow and secondary dilution 
flow for the main line refiners. The manipulated variables used in the reject refiner portion of this 
application v^ll be motor load, refiner dilution flow, and press feed flow. The manipulated variables for 
the primary screens will be the five main screen reject flows. The manipulated variables for the reject 
screens will be the five reject screen reject flows. 



Outputs from MPC have to be validated against high and low limits, before being accepted as remote 
setpoints for the manipulated variables. The MPC application will not allow the manipulated variable 
setpoints to stay outside these "hard" high and low limits. If a manipulated variable is outside a limit, the 
MPC application will move the setpoint towards the limit at the maximum allowable rate defined by the 
controller (see MPC Tuning Section). 

The refiner motor load is a key manipulated variable and is controlled by changing the plate position or 
gap through changing the hydraulic pressure. There is a potential risk here of pinching or plate 
clashing if the gap gets too nan-ow. A sure sign of this event happening is when the motor load/plate 
gap gain inverts (i.e. motor load starts to decrease with increasing plate position). A motor load control 
strategy has been developed that monitors this gain and automatically backs off the plate position. 

Controlied Variables (Process Outputs) 

Controlled variables (process outputs) are the measured process and pulp quality variables, which 
cannot be changed directly by MPC, but are con-elated to the manipulated variables (process inputs). 
They are selected based on available measurements and mill quality criteria. The key controlled 
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variables are freeness, fiber length, shives, refiner blow line consistency, primary to secondary motor 
load ratio, average transfer screw speed, total specific energy, and total mill power demand. In 
addition, the key controlled variables for the reject refiner portion of this application are freeness, fiber 
length, shives, reject refiner blow line consistency, average reject freeness, average reject fiber length, 
average long shives, and unrefined rejects chest level. The key controlled variables for the primary 
screens are accepts fireeness, accepts fiber length, accepts shives, and mass reject rate. The key 
controlled variables for the reject screens are accepts freeness, accepts fiber length, accepts shives. 
and mass reject rate. Each is available as a Software Sensor value from a data engine located on the 
NT server. The values are updated every 30 seconds. 

"Synthetic" Controlled Variables 

Synthetic controlled variables are those derived from the basic process variables. The ones to be used in the 
MPC application are: 

1 . TMP average screw speed, i.e. the average of all the individual line transfer screw speeds. 

2. Motor load ratio, i.e. the ratio of primary refiner motor load to the total for the line. 

3. Main-line long shive, i.e. the production weighted average of the individual line long shive. 

4. Main-line freeness, i.e. the production weighted average of the individual line freenesses. 

5. Main line fiber length, i.e. the production weighted average of the individual line fiber lengths. 

6. Reject average long shive, i.e. the production weighted average of the individual line long shive. 

7. Reject average freeness, i.e. the production weighted average of the individual line freenesses. 

8. Reject average fiber length, i.e. the production weighted average of the individual line fiber lengths. 

Quality Variable Modelling - Software Sensors 

MPC requires a stable quality variable measurement that is updated frequently enough to be able to 
reflect process dynamics, nonnally found through response testing. While some of the key 
measurements are available on the PQM, the update interval is only 30 minutes. More frequent 
measurements are therefore required for continuous control. Other process variables, such as refiner 
blow line consistency have no on-line measurements and therefore require a continuous estimate for 
control. 



TMP pulp quality models were implemented on the data-flow engine platfonn located on the NT server. 
The outputs from the models are called on-line estimators or software sensors. There are software 
sensors for long shive, fiber length, freeness and blow line for each main line and reject line and for the 
pulp leaving the main line latency chest and the screens. The basis for modeling long shives, fiber 
length, and freeness is comminution modeling. The basic inputs for the model relationships are 
indicated below: 



Shives Out = f (Shives In, Specific Energy) 

Long Fiber Out = g (Long Fiber In, Shives In, Specific Energy) 

Freeness Out = h (Freeness In, Specific Energy) 

The above software sensors require inputs such as production rate (transfer screw speed), dilution 
flows, refiner motor loads, inlet chip moisture, and refiner temperature and pressure. All are available in 
the DCS, except for chip moisture, temperature and pressure measurements, which can be estimated 
with some accuracy. 

Some of the software sensors are con-ected for model en-or - that is the difference between the PQM 
measurement and the model output. Every time the PQM outputs a new measurement, the model 
en^or is calculated, filtered in time and applied as a con-ection to the quality estimates for each line. 

Samples are taken every 4 hours from the outlet of the secondary refiners and reject refiners. The 
samples are tested in the lab for freeness and consistency. Daily, the lab conducts a fiber length test 
on composite samples fi-om the primary, secondary and reject refiners. A hand sheet burst test from 24 
hour composite samples from the secondary and reject refiners is perfomied daily. The results are 
used to calculate model enror for the individual lines and to con-ect the software sensors for that line. 
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MPC Execution 

The control interval for MPC is 30 seconds. Every 30 seconds MPC polls the control server database 
for new data from the DCS. The process feedback values for the manipulated and controlled variables 
are then read in and the internal values in MPC are updated. MPC then defines the control problem 
and runs the Minos optimization program, which calculates new setpoints for the manipulated variables. 

MPC then writes an Mnp" file, which contains the new setpoints for the manipulated and variables and 
the steady-state estimates for both the manipulated and controlled variables. The data-pipe program 
reads the Mnp" file and sends the values to the DCS through the OPC interface. 

MPC Controi Modes 

For each line, MPC has, "Predicf and "Control" mode switch, as well as an MPC "on/or switch. These 
are known, respectively, as the Mode Switch and the Line Switch. "Predicf mode means MPC is 
predicting property values on the horizon, but not making any control actions. "Control" mode means 
MPC is making control actions for any manipulated variables in "MPC" mode. "MPC" mode for a 
manipulated variable means the low-level controller is taking remote setpoints from MPC (othenwise it's 
in local/auto or local/manual mode). 

MPC Watchdog Timer 

A watchdog timer resides in the DCS. which is used for detecting "I'm Alive" status of MPC on the NT 
station. It counts down from 5 minutes and is reset by MPC every 30 seconds. If MPC fails to reset it 
after 5 minutes the MPC Master Switch is set to "off and the operators cannot turn on MPC until it 
resets the counter. A watchdog timer failure indicates that either the MPC program on the NT server 
has been tumed off or the communication between the NT server and the DCS has failed. 

Interaction Matrix 

Figures 8-1 1 are the Interaction matrixes that show the relationship between the process inputs 
(manipulated variables) and the process outputs (controlled variables). A '+7-' entry in the matrix 
denotes the process output Is positively/negatively correlated to the process input. No entry means no 
con-elation. The matrix was developed by process analysis and inspection of the relationships found in 
the Software Sensor models. 



Figure 8 - Main Line Refiner Interaction Matrix 
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Figure 9 - Reject Refiner Interaction Matrix 
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Figure 10 - Primary Screen Interaction Matrix 





MAINLINE SCREEN INPUTS 
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Figure 1 1 - Reject Screen Interaction Matrix 
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MPC Response Models 

For each matrix entry, a dynamic response model is required. This is a model of the response of a 
controlled variable to a step or impulse change in a given manipulated variable. For the MPC controller 
used in this application the model is in the form of a step response weights (as opposed to a parametric 
linear transform function). 

As discussed in Quality Variable Modeling - Software Sensor Section, a continuous measurement of 
some of the controlled variables is not available at a high enough frequency that would allow direct 
detenmination of the response models (i.e. through on-line bump tests). Step response models are 
detenmined by simulation using the Software Sensor models and the dynamics of the manipulated 
variable process variables in response to a change in setpoint. 
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MPC Objectives 

The main objectives of the main line MPC are as follows: 

1 . Maintain freeness for the main line and lines 1 , 2, 3, and 4 within a range 

2. Maintain fiber length for the main line and lines 1,2,3, and 4, above a low limit. 

3. Maintain long shives for the main line and lines 1,2,3, and 4 below a high limit. 

4. Maintain a target average transfer screw speed/production rate. 

5. Maintain motor load ratio within a range (between 50 - 60%). 

6. Keep total Milt power demand below a maximum limit. 

The main objectives of the Reject Line & Screen MPC are as follows: 

1 . Maintain freeness for the reject system and freeness for lines RJ1 . RJ2, and RJ3 within a range 

2. Maintain fiber length for the reject system and fiber length for lines RJ1 , RJ2, and RJ3 above a low 
limit. 

3. Maintain long shives for the reject system and long shives for lines RJ1, RJ2, and RJ3 below a 

high limit. 

4. Maintain reject refiner blow consistency for lines RJ1 , RJ2, and RJ3 within a range. 

5. Maintain primary screen accept freeness within a range. 

6. Maintain primary screen accept fiber length above a low limit. 

7. Maintain primary screen accept long shives below a high limit. 

8. Maintain reject screen accept freeness within a range. 

9. Maintain reject screen accept fiber length above a low limit. 

10. Maintain reject screen accept long shives below a high limit. 

1 1 . Maintain unrefined rejects chest level within a range. 

12. Maintain Thune press amperage loads within a range. 

13. Maintain primary and reject screen Mass Reject Rate within a range. 

MFC Tuning 

The MPC application moves the setpoints of the process inputs (manipulated variables) to maintain the 
process outputs (controlled variables) within their limits. The speed or size of change that MPC will 
make to drive a controlled variable towards its operating limits depends on: 

1 . How far the controlled variable is away from its configured range. 

2. Magnitude of the limit weight. 

3. Existing limits on the manipulated variables 

Naturally, the farther the controlled variable is from its range, the harder MPC will try to bring it back in. 
The larger the values of the weights on the limits, the bigger the control actions will be and the fewer 
steps it will take. The controlled variable limit weights also express the relative importance of getting 
that variable into its range. The higher the relative value of a limit weight the more attention MPC will 
pay to getting the variable into the desired operating range. 

Limits on manipulated variables are high/low range limits and control action or move size limits. If a 
controlled variable Is outside its range, but all manipulated variables have run up against their limits, 
then MPC cannot do anything further to rectify the situation. Move suppression parameters are also 
applied to the manipulated variables. These parameters detemriine how fast the manipulated variables 
will change to bring the controlled variables into range. 



MPC tuning is a somewhat subjective exercise. A simplified list of the steps required to tune the MPC 
application is shown as follows: 



Stepi: 



Prioritise the importance of keeping controlled variables within their desired limits. 
Assign weights to the limits according to the magnitude of the process values. 
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step 2: Simulate how the controller will behave under different scenarios. Adjust the weights 

until the desired behaviour is observed. 

Step 3: Prioritise the manipulated variables in order of the desired speed of response The 

user may want some variables to respond faster than others. Apply move 
suppressions to the manipulated variables according to their magnitude. The higher 
the move suppression value the slower the manipulated variable will respond 

Step 4: Simulate how the controller will behave under different scenarios. Adjust the move 

suppressions until the desired behaviour is observed. 
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PID ControUers in BESTune 

The following PID controllers can be optimized by using the excellent 
PID auto-tuning software BESTune (see http://bestune.50megs.com for 
details). Theoretically, BESTune is able to optimize any PID 
controllers, as long as the PID equations implemented in them are 
known. In order to include more PID controllers in BESTune, I am 
asking you to give me more information about other well-known brands 
of industrial PID controllers (brand names, PID equations implemented, 
units of the three PID constants, etc). Your help will be very much 
appreciated. 

The actual PID equations that are implemented inside these PLCs are all 
in discrete time or digital form. One example of the discrete time form 
of "Allen Bradley Logix5550 Independent PID" can be found on the 
web page http://bestune.50megs.com/typeABC.htm. 

Variable Definition 

• CO = Controller Output, also called control variable, manipulated 
variable, etc. 

• PV = Process Variable, also called controlled variable, measured 
variable, etc. 

• SP = Set Point, also called desired value, reference signal, 
command, etc. 

• e = SP-PV 
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dt 



where 
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PID Equations 



Kp: Proportional gain No unit 
Ki: Integral gain (1 /second) 
Kd: Derivative gain (seconds) 

Allen Bradley Logix5550 Dependent PID 

d(-PV) 



dt 



where 



Kg: Proportional gain No unit 
Ti: Reset time (min/rep) 
Td: Rate time (min) 

Allen Bradley PLCS Independent PID - Using Integer Blocks 

dirPV) 



' ^ dt 



where 



Kp: Proportional gain (0.01) 

Ki: Integral gain (0.001/ second) 

Kd: Derivative gain (seconds) 

Allen Bradley PLCS Independent PID - Using PD Blocks 

d{'PV) 



CO^K^e^Ki\edt+K^- 



dt 



where 



Kp: Proportional gain No unit 
Ki : Integral gain ( 1 / second) 
Kd: Derivative gain (seconds) 

Allen Bradley PLCS ISA PID - Using Integer Blocks 



where 



httD://bestune.50mees.com/PLC.htm 



PID Equations 



Kc: Proportional gain (0.01) 

Ti: Reset time (O.Olmin/rep) 

Td: Rate time (0.01 min) 



Allen Bradley PLCS ISA PID - Using PD Blocks 



where 



Kc: Proportional gain No unit 
Ti: Reset time (min/rep) 
Td: Rate time (min) 

Allen Bradley SLC5/02,SLC5/03 and SLC5/04 ISA PID 



where 



Kc: Proportional gain (0.1) 

Ti: Reset time (O.lmin/rep) 

Td: Rate time (0,01 min) 

Bailey Function Code FC19 with K==l 

CO = K\K,e -^B.\edt-h 60K^ —] 

[ ' 60^ ^ dt) 

where 

K: Gain multiplier No unit 

Kp: Proportional gain No unit 

Ki: Integral reset 1/min 

Kd: Derivative rate action Min 

Bailey Function Code FC1S6 Independent Form with K=l 



CO = K{K,e -^^[edt^ 60K, —] A/ 
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PID Equations 



where 

K: Gain multiplier No unit 

Kp: Proportional gain No unit 

Ki: Integral reset Resets/min 

Kd: Derivative rate action Min 



Concept PIDl - PID Controller 

CO = Gain{e + — f +Ti) — 1 
\ Tl^ dt) 



where 



Gain: Proportional No unit 
gain 

TI: Reset time (milliseconds) 
TD: Derivative (milliseconds) 
Action time 



Concept PIDIP - PID Controller with parallel structure 



CO = KPe + KI\ edt -^KD— 
^ dt 



where 

KP: Proportional gain No unit 
KI: Integral rate (1 /milliseconds) 

KD: Differentiation (milliseconds) 
rate 

Fischer & Porter DCU 3200 CON Ideal with KP = 1 



CO = Kc(KPe-^— Udt +TD— 1 
I TR^ dt) 



If Kp = 1, the above equation reduces to: 



CO = Kcie + — [edt-^TD — 1 
I TR^ dt) 



where 
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KC: Gain constant No unit 
TR: Reset time (min/rep) 
TD: Derivative term (min) 

Fischer & Porter DCU 3200 CON Parallel KP variable with KC=1 

CO = KC\KPe+— \edt +7£)— l 
I, TR^ dt) 

If KC=1, the above equation reduces to: 
where 

KP: Proportional gain No unit 

TR: Reset time (min/rep) 

TD: Derivative term (min) 

GE Fanuc Series 90-30 and 90-70 Independent Form PID 

de 



where 



CO^K^e-^-K^ledt + K,^ 



Kp: Proportional gain (0.01) 

Ki: Reset time (0.00 1 rep/second) 

Kd: Derivative gain (0.01 seconds) 



Hartmann & Braun Freelance 2000 PID 



CO = CFie +-L [edt^-TD —1 
\ TR^ dt) 



where 



CP: Proportional correction No unit 
value 

TR: Reset time (milliseconds) 

TD: Rate time (milliseconds) 



Honeywell TDC 3000 APM Non - Interactive PID 
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C0 = K(e + — \edt+T2 — 
[ dt, 

where 



K: 


Gain 


No unit 


Tl: 


Integral time 


(min/rep) 




constant 




T2: 


Derivative time 


(min) 




constant 





Modicon 984 PLC PID2 Equation 

PB\ ^ dt) 

where 

PB: Proportional band No unit 

K2: Integral mode gain (0.01 min/rep) 
constant 

K3: Derivative mode gain (0.0 1 min) 
constant 

Siemens S7 PB41 CONT_C PID 

CO = Gain *e+— Udt +TD— 
TI^ dt 

where 

Gain: Proportional No unit 
gain 

TI: Reset time (seconds) 

TD: Derivative time (seconds) 

Yokogawa Field Control Station (FCS) PID 




where 



httnr//hpj?tiinp SOmpo*; nom/PF C htm 



PID Equations 



Page 7 of 7 



PB: 

Ti: 
Td: 

Temperature Controllers 
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